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INTRODUCTION 
The objective was to build special transducers having the same 
operating characteristics as several commercial transducers, but which 
would fit into specialized housings. This was required by physical 
space limitations in several test development requests. 
There was, however, limited room for miniaturization and per-
formance improvements, especially in signal-to-noise ratio proper-
ties with existing piezoelectric material and transducer fabrica-
tion techniques. At this point, experiments were begun with the 
relatively new piezoelectric material, polyvinylidene fluoride 
(PVF2 or PVDF). The major problem encountered in high-resolution 
transducer design was in developing construction processes that 
were repeatable and provided reproducibility in signal-noise ratios 
and sensitivities. 
This paper describes the construction techniques developed, 
the characterization data, comparisons, and important benefits re-
sulting from the high-resolution transducer program. 
DETAILS OF CONSTRUCTION 
Figure 1 is a drawing of two transducer assemblies which 
typify the method of mechanical assembly developed which was found 
to be most suitable for PVDF. The most distinguishing difference 
between this method and that used in the commercial market is the 
absence of epoxy or glue joint interfaces between the lens and 
piezoelectric and backing. A ten micron PVDF film and a gold foil 
electrode are secured by precision mechanical means. The backing 
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Fig. 1. Mechanically assembled non-bonded transducer. 
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member, lens assembly, and the precision machining are critical 
factors in performance control. Due to a lack of a glue bond, this 
technique allows the user to interchange lens or repair the trans-
ducer in the field. 
Substitution of some materials has been found permissable when 
using PVDF material without adversely affecting the transducer per-
formance. However, the lens must be a material having an acoustic 
impedance similar to plexiglass to ensure a good impedance match 
between the PVDF and water. 
Special attention must be given to the lens thickness. The 
allowable minimum thickness, due to design constraints, acts as an 
acoustic delay line and must be considered when selecting a trans-
ducer for a given test. 
Grinding or lapping the backing and lens assemblies for a uni-
form fit has proven to be the most critical construction process. 
A good fit is required to achieve very thin joining interfaces be-
tween the backing, PVDF, and the lens. Joining interfaces of in-
consistent or variant thickness appreciably affect the performance 
characteristics and reduce the transducer loop gain. 
Experimental work with other piezoelectric materials such as 
PZT, PbNb206, and 30-micron PVDF using the mechanical assembly 
technique has been tried with moderate success. A thin spacer of 
lead tape surrounding the active piezoelectric element provides 
the necessary parallel alignment. Fine tuning these mechanical 
assemblies becomes a matter of selectively tightening the assembly 
for optimum performance. 
A nine element annular array transucer designed and built at 
Rocky Flats to operate at I OMhz was one experimental model that 
provided excellent results. In this case, the piezoelectric mat-
erial was PZT. The center element (O.2S0-inches diameter) was 
used as a receiver. Sixteen concentric O.OIO-inch wide rings fab-
ricated from isolator and brass were assembled and overlaid with 
uncoated PZT. A common foil front electrode was then applied and 
the mechanical assembly process completed. 
OPERATING CHARACTERISTICS AND COMPARISON DATA 
Table I lists the four transducers selected for comparison. 
The two commerical transducers were off-the shelf selections and 
were judged to be representative of the available products design-
ed for high-resolution inspections. 
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TABLE I. Transducers Selected for Comparison 
Manufacturer 
Transducer Name Freguencx and Model Focus Delax Diameter 
Non-Bonded PVDF 25 Mhz RFP+ Transducer Lab 1.25" Yes 0.25-in. 
Commercial 30 Mhz Panametrics Model 1. 25" Yes 0.25-in. 
V376 
Epoxy Bonded 25 Mhz RFP+ Transducer Lab 0.5" No 0.187-in. 
PVDF 
* Panametrics Model 0.5" Yes 0.25-in. Commercial 50 Mhz 
V390 
+RFP - Rocky Flats Plant 
*Note: This transducer housing was very large in comparison to the others. (4" 
length x 1-3/8" diameter as compared to the standard 1-1/2" length x 5/8" 
diameter.) 
Figure 2 is a block diagram of the instrumentation used for the 
data collection and illustrated the ultrasonic reference targets 
used. The first reference, a copper plate used to characterize 
known flaws, was selected primarily because it is a soft metal which 
allows precision machining of accurate (0.005 and 0.010-inch) flat 
bottom holes (FBH's) very near the front surface; i.e. to within 
0.010 of an inch, if needed. 
Figure 3 shows the rf waveform for all four transducers on the 
same amplitude and time scales. This waveform is the pulse-echo 
response from the top of the second reference~ a stainless steel 
cylinder used to adjust the water paths to Yo' using the distance-
amplitude technique. 
Figure 3 also 
waveforms shown. 
tion displayed on 
gives the calculated power spectrums for the rf 
Those spectrums agreed closely with the informa-
a Hewlett-Packard 8553B Spectrum Analyzer. 
Figures 4 and 5 show the time of front surface ringout, flaw 
size resolution, and the comparative signal-to-noise ratios. For 
these figures, the water paths were adjusted so that a maximum re-
sponse from the D.005-inch FBH was achieved. The amplifier gain 
was then adjusted to normalize this flaw amplitude for all trans-
ducers. At these gain settings and water paths, the rf signals 
for all waveform presentations shown were digitized by the Tek-
tronix 7854 oscilloscope and stored in the MINC computer. The re-
SUlting plots were then recalled for a hard copy presentation. 
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Fig. 3. RF waveforms and power spectrums. 
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Fig. 5. RF Noise and Resolution Comparisons (bonded PVDF and 
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Even though quantative figures for the signal-to-noise and 
front surface ringout are not given, it can be seen that flaw re-
solution of the mechanically bonded transducer is comparable to 
bonded commercial units. Test data are not shown for the sound beam 
behavior in the focal zone. All four transducers appeared to 
reach a maximum amplitude on the O.OlS-inch FBH reflector. This 
is indicative of a very small and well-defined focus on all four 
transducers. The sound beam profiles are uniform in shape and are 
available on request. 
CONCLUSIONS 
High-quality, high-resolution immersion transducers utilizing 
PVDF film with a non-bonded assembly technique can be fabricated. 
They appear comparable to commercial bonded transducers in resolu-
tion. Expenses of construction and materials are minimal and dur-
ability and repair qualities are outstanding. 
The non-bonded assembly technique has proven to be an alter-
native design consideration for special purpose transduce~s. 
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